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(54) Differential coding in the frequency domain, for multicarrier transmission 

(57) A ten^estrial repeater is disclosed for use in a 
satellite transmission system that may also include a 
plurality of satellites. The terrestrial repeaters are imple- 
mented as OFDM transmitters to minimize the channel 
impairments caused by multi-path propagation. The 
OFDM terrestrial repeaters differentially encode the 
transmitted signal over frequency, as opposed to time, 
in order to avoid channel phase distortion. The OFDM 
receiver allocates two unmodulated sub-carriers as pilot 
bins and thereby provides two sub-carriers as a refer- 
ence within each OFDM symbol. At the OFDM receiver, 
the two unmodulated pilot bins contain no phase infor- 
mation and provide a reference for the differential 
demodulation performed by the OFDM receiver. The 
OFDM transmitter operates in two modes, namely, a 
normal mode and a transmitter identifier infonnation 
(Til) mode. The Til mode contains alt of the functions of 
the normal mode, and also transmits a repeater identifi- 
cation signal with the customer data, using the inactive 
OFDM sub-can-iers (bins). In a normal mode, the OFDM 
transmitter optionally fills unused (inactive) sub-carriers 
with zeroes and in a Til mode, the OFDM transmitter 
uses at least some of the unused (inactive) sub-camers 
to transmit the transmitter identifier information (Til). 
The predefined Til value is mapped onto a set of com- 
plex symbols. The Til signal facilitates the receiver test 
equipment in associating the received signal with the 
ten'estrial repeater(s) that generate theTM signal. 
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Description , .;. -i.^-e-t-v .: - ^ 'J-'^-^ 



Field Of The Invention 



5 [0001 1 Th e p resent i nve ntio n re lates ge n era! ly to s ate ! I ite b roadcastin g systerr^§^pip(i m<^ p%rticu\ar\y; tateiTrzstrlal 
repeaters in such satellite broadcasting systems. 

Background Of The Invention 

10 [0002] Satellite broadcasting systems for transmitting programming content have become increasingly popular in 
many parts of the world.. .Direct Broadcasting Satellite (PBS) systems transmit television programming content, for 
example, to a geo-stationary satellite, which broadcasts the content back to the customers. In such a wireless broad- 
past environment, the transmitted programming can be received by-^anypne' with an .appropriate receiver, such -as an 
antenna or a satellite dish. 

15 [0003] In addition, a number of satellite broadcasting systems have been proposed or suggested for broadcasting 
audio programming content from geo-stationary satellites to customers in a large coverage area, such as the continen- 
tal United States. Proposed systems for providing digital audio broadcasting (DAB), for example, ape expected to/pro- 
vide near CD-quality audio, data services and more robust coverage than existing analog FM transmissions. Satellite 
broadcasting systems for_teleyision; and radio content provide pptsntially national coverage areas; and thus improve 

20 over cpnyentionai ten-estrial te ley isioa stations and AM/FM radio stations that provide only.regional coverage. ' 

[0004] ,Satel|ite,broadcasting systems transmits digital music and other audio infomnation from. an- uplink station to 
one or more nnobile jeceiyers.^Sateljite.t^ systems typically include a plurality) of. satellites and terrestrial 

repeaters operating in a broadcast mode. The satellites are.typically.gepcStat'onary, and are located over a desired geo- 
graphical coverage area. TJie.terrestrial repeaters.typically operate in dense urban areas, where the direct tine of:Sight 

25 (LOS) between the, satellftes artd. the. mobile receiver can- be blocked/^.cju.e to.the angle of elevation.arid .shadowingAby 
talj-buildings. c^-^c — .f v; vi; -: a.^; ' " '^-^^'^ -^r - ■ ■ , v . - c.j-' K^/ 

[pbosj tt has, been.observed that the qomrnunication channels in such -satellite broadcasting systems, and in digital 
audio broadcasting ^( DAB) systerns generally,. are often less dispersive inf,frequency than in. time. Nonetheless, digital 
audio broadcasting (DAB).,systenris ^plcally differentially .encode the transmitted signal over time. The European digital 

30 aufdio broadcasting (DA8),standand, forexample,:set.fprth io/'Radio Bro.adcasting Systems:. Digital Audio Broadcasting 
(CtAB) to..Mobile, Portable and Fixed Receivers/^^EuropeaniTel^comm^ ETS 300 401v(May 1997), 

perfarrris differentia); rnodulation .pyer:tirne.- ;A need, thprefor^j exists .for a terrpstrial repeaterithat performs differential 
modulation over frequency. A further need exists for a terrestrial repeater that utilizes an.orthogonal frequency division 
r:nuiyplexi/ig<PFD|^^^^^ .= i " C ^ U ' 



S u mm a ry Of Th e I nve ntion . 



[0006].^ Generally^, a terrestrial repe.aterns^diselpsed for-uqe in:a satellite-transmission system that broadcasts pro- 
gramming.content, ^ifch as audio and videp./infprm^ a plurality 

40 oi..satellites-. According to one aspect of the inyentiprivthettercestrial repeaters are impiementedsas OFDM transmitters 
to .minimj^e-the channel impairr^nents caused by rjiurtitpath propagation.- Aceording^to .another. aspect of . the invention, 
the OFDM terrestrial repeaters differentially encode the transmitted signal over frequency, as opposed to time: Thus, 
the differential encoding is performed .yyith respect- to consecutiye::t)ins ;(subTcarriers)Jn the OFDM -system in order to 
avqid^channelphase distprtiori..7r i: ... -'v i;. '^r i :'.>''.' /i-: ^. ^' 

45 [0007] . Th e p FDJM - rece ive r a Hocates a ,n u mbe r of u nmodu lated : s ub-carriers as p i tot bins and th e reby p rovides such 
unmodulated subTcarriers.as a reference^within-each.OEDM.symbol. At the, OFDM receiver, the unmodulated pilot bins 
contain no phase information. Thus, the unmQdulated pilot/bins-provide- a.reference for the differential demodulation 
performed by the OFDM receiver. 

[0008] According to yet another aspect of the present invention, the OFDM transmitter operates in two"' modes; 

50 namely, a nomnai mode and a transmitter identifier infonnation (Til) mode. The Til mode contains all of the functions of 
ttie. normal mode,, and also transmits a repeater ;identification signal with the cijstohner data, using the inactive OFDM 
sub-carrjers (bins). Thus, the OFDM-transmittercan continuously er perio transmit an identifying signal that can 
be.used.for example, during a testing phase; c / i... ri ; • '1'" ...r,... - -i. 

[0009] , v ^ln:.a npmnal mode, the .OFDM. transmitter optionaIly,f ills: unused; (inactive) sub-can-iers with; 2eroes and in:a 

55 Til mode, the OFDM transmitter uses/at;Jeast.^some of:thef:unused (inactive) sub-carriers to transmit ^the transmitter 
identifier information (Til). In a Til mode, additional sub-can-iers will be turned on/off in accordance with a predefined 
Til value. If the Til sub-carriers continuously transmit the non-varying Til value, it may be performed at reduced power. 
The predefined Til value is mapped onto a set of complex symbols. The Tt! signal facilitates the receiver test equipment 
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in associating the received signal with the ten-estrial repeater(s) that generate the Til signal. r' ir ^.i 

[0010] A more complete understanding of the present invention, as well as further features and advantages of the 
present invention, will be obtained by reference to the following detailed description and drawings; ■ ' : ' 

5 Brief Description Of The Drawingri^ ^v- ' >^ ^ ^ ■ [i ' • ' 

[0011] 

FIG. 1 illustrates a satellite transmission system where the present invention can operate; 
•'FIG.;2 iilustrates the OFDM transmitter of FIG^ 1 in accordance with the present ihvehtion;'* . ^ " 
FIG. 3 is a table containing a sanlple record from an entry matrix utilized by the f ne^uency'interleaver of FiG. 2; ^ahd 
15 f FIG. 4 illustratesuthe OFDM-receiver of FIG: 1. :. o ^ ^ i-"^ - ' 

Detailed Description ::r^ry ".. ■ . l ■ ; --^v: *:c \rr- :^r3 . -• -fi.i-. be 

[0012]^ :-i FIG. n illustrates a'sateliite transmission system 100 in accordance witK the 'prtrese'nt inve1ition,*The satellite 

20 transmission system . 1 0pirartsmits digitarmusic and other audio information frdnri an up-link station' (hbt shown) t one 
or more mobile receivers, isuch as the mobile receiver 150: As shown in FIG. 1 , the-IMustrative satellite transrnission Sys- 
tem 100 includes two satellites 1 10, 120 operating in a br-dadcast mode. The satellitesWl o;'120-arb designed to be geo- 
stationary, and are located over a desired^geogjrdphicaradverage area, such as over the Eastern and western United 
States, at appropriate. angles of elevation, as dictated by the: requirements of a g'eO-statiohafy systerh/-in one embodi-. 

25 ment. the satellrtes 1 10, 120 are Implemented as Cbnventionar^tirhe division nrujltiplexec)'(TDM) tran^mitters^' -^- - 
[001 3] In addition, the satellite transmission system 1 00 includes a plurality of terrestrial repeaters, such-Ta's the ter- 
restrial repeater -140, discussed below,, that Will op^erate in dense "ar1i)ah at6as; wh^re sight ^(Lbs) 
between the satellites 110, 120 and the 'mobile receiver 1 50, cart be bloekie'd due-tb the angle bf elevation arid shadow- 
ing by tallfbuildings. According to a feature Of the present ihventioh,"1he''terresti'ial repeated 

30 OFCDM' transmitters to sminimize the channel^^impairments caused'by mutti-path'propag^^ addition; trie OFDM 'ter- 
restrial repeaters 1 40 can differenttially-encode the t^Bhsm Wed^sighal oWr freqLieh opposed to' timfe. Thlis, the dif- 
ferential encoding is performed with- respect to^cohsecutfv^'bins (sUb-carriers)-in-*the'GFbM system "'bins in Vrder'to 
avoid-channel-phase distortion:;^ ■ - • ■ if^o-t/MOi;-;'; ir:^^■:^,>^^ ..-^i^] ,i^''rur .y : • r 

[0014] The OFDM terrestrial repeater '440^ generally' differentially iehcodies^^^ 

35 when the channel exhibits phase coherence (the channel phase from one differentially modulated symbol to the next 
does not change much). In the illustrative DQPSK implementation, the consecutive channel phases' shoiild var^^ 
than 45/2 degrees. In a channel environment where the channel phase variations are more over frequency than over 
timerthe.terrestrial repeater 140 may implement a conventional rlleGhahism'that^Jfferentiall^'^ncode^^^^ ' • 

[0015]" ? According~to another feature of ^thep resent invention, ^t he OFDM tr"ansmitter'20'0 darr'bperate in-'twb nriddes, 

40 namely, a nornnal mode and a Tll mode.:'As^discassed?ftjrther below, the Ttl mode contains all bf the functions of the 
normal mode, and in.addition transmits a repeater identification signal with the custonner data',' using the inactive OFDM 
sub -carriers (bins): .-re --t -r^-o i^^Ci-. o^-™:'--:*-^-;* . ' \fi ■:.'<-■- :■. ,.^,-.o:^~^. ^. ' '. 

[0016] - The satelltfes^l 101 120 receive the broadcast signal frbni-a studio,' over a robust'^ra^ frequency '(RF) link,' 
and the satellites 110, 120 will broadcast the signal after down-converting the signal to the cjairrier frequency. The ter- 

45 restrial. repeaters-; 140 retrieve the information directly from an up-lihk studio' (nbt-shown), using well-known techriicali 
means, such as wireline or microwave links,=Or from:a dedicated sateMite' (hot shown illustrative implementation, 

the terrestrial repeaters 140 receive the information '^directly from the studib'.^ ■ '•■ - ^ • " ^ . .. 



50 



OFDM SIGNAL 



[0017] In the Hlustrative embodiment, each.OFDM symbol of 'duration Ts Will be composed of 978 active bins (sub- 
carriers) equallyjspaced. at a can-ier spacing of 4^kHiz/(Af); The duratioh'of the symtibi, Ts. is 266.1 1 mu-sec,' where Ts 
equals Tu plus Tg. the useful OFDM symbol duration, Tu, illustratively equals 250 tmu^sec and is. and'the guard interval 
duration op cyclic prefix duration. Tg, illustratively equals 16:1 1 mu-sec. The inter-camei" spacing, Af; of 4KHz is -equal 
55 to therinverse oftthe useful symbol duration (1/Tu).'n^he main signal is defihed'as f^^^ 
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£ £ z{t,k)x g(t — ITsJ,k)-h m(533 + /c)g(f — /7s,/,/f) + 

where, - r^t " - ; ■ 

10 2(/,k) equals the differentially coc^ed.complex symbol for to the kth^sub-carrier in the fth OFDM symbol for k 0 and ^ 
Ofork = 0; 

m(k) equals the complex Til information (transmitted only in the Til mode, 0 in nomnal mode); 
15 g(t, /, k) = expG*2*7l*k*(t-Tg)/ru)*rect(tTs)forall/; 

rect(x) = 1 for 0<=x<1 or 0 otherwise. In addition, where the Factor equals two (2), T is defined. as (1/(2048*4000)) 
(approximately 122.07 ns); Tg is defined as approximately 16.11 mu-sec (= 132T); Tu is defined as 250 mu-sec = 
2048T and Ts. is defined as approximately 266.1 1,mu-sef^ (= 21 80T). . y^^^ 

20 : ... " . : OH, Vi - J ' V- : . Z ; 

OFDM TBANSMITTiR . , ..^i :., ' 

[001 8] fSG. 2 illustrates. the^QFDM baseband transmitter 200 In- accordance with the.present invention. The studio 
en^cpder (not shown) supp|ies;1a^e transmitter 200 with the bits to be transmitted. These bits have beensounceand ehan- 

25 nel .e r\co ded , . i nterleaved and presentec| to th e O FD M tranism itter 20a,:- - : ' . ^ 

[06l91 . As shoyyn in f=^IG. 2,ihe^PFp(\/l,transmitt^r 200 includes arbtQCl^ 21 0.that collects the input data stream into 
frames of 1 952 bits. In one implementation, the customer data is pranged Hnto. blocks of 2000 bits such that the first bit 
of the frame serves as a synchronization bit. Therefore, the OFDM transmitter 200 will have to extract the framing of the 
OFDM frame with the proper assignment of the first bit to the cluster.synQhrenization bit. The selection of the cluster 

30 synchronization bit value (1 or 0) is not a function of the OFDM signalf generator. These 1 952 bits will con-espond to the 
1952 bits belonging to one OFDM symbol. In the illustrative embodiment, the time duration of one 1 952-bit-f rame is 
266.11 mu-sec (nnicroseconcls),pf;W^iic^ 250 mur^^^ OFDM symbot,'and 16.11 rriu-sec 

to the guard interval or cyclic prefix (CP). 

[0020] Following framing, the incoming bits are then mapped into a Ji/4 shifted QPSK constellation by a n/4 QPSK 
35 modulator 220. In other words, the input bit-stream is mapped into a stream of complex QPSK constellation points, such ^ ^ 
that the output lies on the complex unit circle, and the points are shifted by 7z/4 from the axes. The exact operations are: 

Input: Bit stream {pO, p1, p1951} ^ , 

where p(i) = 0 or 1 - - 

40 Output: complex symbols {qO, q1, ... pi 951} 

where q(i) = Complex float; lying on the unit circle at 7c/4, 3n/4, 57c/4, 7ti/4 

q(n) = (1/sqrt(2))* [(1-2*p(2n)) + j*(1-2*p(2n-t-1))] for n = 0, 1, ... 975. 

[0021] The QPSK-mapped stream is then frequency interleaved by an interieaver 230. The OFDM signal contains 
45 information in both^thjs tirne and frecjuency domains.^The Of^OM transmitter SOO generates a signal that has 976 sub- 
carriers plus. 2 unmodulated pilots and a nulled sub-carrier; each with 4 . kHz separation between sub-carriers; The 
channel that distorts the signal varies in both time and frequency. The time variations, due to the motion of the receiver 
400 relative to the transmitter 200, are taken advantage of by the time interieaver (not shown) of the encoder block. The 
frequency variations, due to the delay spread of the channel, is taken advantage of by the frequency interieaver 230. 
50 The channel would present correlated fading to nearby sub-carriers, and will decorrelate from itself at a frequency sep- 
aration equal to approximately the inverse of the delay spread of the channel. The following describes the OFDM fre- 
quency interieaver in detail: 

Input : {qO, q1, q2, ... q975} where q(i) = complex QPSK symbols ; : ... 

55 Output: {yO, y1, ... y975} where y(i) = complex QPSK symbols - - : 

Let q(i) be represented as l(i) + jQ(i); 

an'ange the complex stream {qO, q1 , ... q975} as: . . 



4 
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B: 10 II 12 ... 1975 QO Q1 ...Q975, as a 1952 sample wide buffer. 

This stream will be interleaved using a 61 by 32 block interleaver, such that the buffer, B, is written to a matrix row by 
row and the output, T, is read out from the matrix column by column. The entry matrix 300 when fully occupied is shown 
5 in FIG. 3. 

[0022] Therefore, the output, T, equals {tO, t1, ... t1951), which can be expressed as follows: 

{10. 132, 164, I960,Q16 Q912, Q944, II, 133, 165 1961, Q17 ... Q913, Q946 131, 163 Q15,Q47. ... 

Q943 ,Q975), 

10 where the leftmost entry of the stream is the oldest sample out of the interifeaver 230. - ' ' 
The stream T is then de-multiplexed such that: 
y(0) = tO+j*t1 

15 y(1) = t2 + j*t3 • ' • 

\. y(975) = t1950 + j*t1951 " ■ ' • ' • ' ' ' 

The stream of complex samples {yO, y1. ... y975) denoteis the output of the frequency Interleaver 230. " ' ' " 
20 [0023] As previously indicated, the OFDM terrestrial repeater 1 40 differentially encodes the transmitted signal over 
frequency, as opposed to time. Thus, a differential modulator 240 differential encodes the interleaved data with respect 
to consecutive bins (sub-carriers) in the OFDM system. At the receiver 400, the 489th sub-can-ier wilt contain no phase 
infonnation. Alsovby the structure of the IFFT buffering, discussed below, the i®* sab-cafrier^Awill also be devoid of any 
phase infonnation. Therefore, the differential modulator '240 initiates the encoder frteiribfy- with phase''7c/4 every 489th. 
25 received complex sample. It is noted that the unmodulated pilot bins provide a referenda for the' differe^^^ 

tion. Thus, the OFDM transmitter 200 prdvide"£;,-fof example, ^^ro sub^anriers'as a reference within each OFDM symbbl. 
The following details the operations of.the differential modulator 240: ' ' - "^^^^ 

•Input = {yO,y1 y975) where y{i) = complex r: ; '/^■,' .. . c.^'" ■ iv*' v' ; • J 

30 - Output = {zO, z1, -.:. z1 955} where z(i) = cOmple)f ^ ..■ ^ -^-^r ?■ . ^ :■. . . ■ r - . . 



[0024] The differential modulator 240 -operates^ as follows', fnitiafly, 'the Input is-'arrange'd such th4t:' '■ -^''^ 



to:^(1/sqrt2,-1/sqrt2) ; : 

.ti.= ya . . - 
.t2 = yi ■ . 

t488 = y487 

t439= (1/sqrt2, 1/sqrt2) 
Ugo = y488 
t49i = y489 



t977 = y975 

45 [0025]: - The values 1/sqrt(2) and 1/sqrt(2) are to be jSilbt tohes at the begfnhing k=-489 and the middle (k=1 ) of fhe' 
spectrum. Thereafter, the output values, 2(i), of the differential -modulator 240 are generated using complex multiplica- 
tion as follows: ; ./ ■ . r-. . .'i ■ . ;^ ' 1 K:-r. - } , ** ■ . i* ... 



. .z(0) = t(0) . . -V 
. z(1) = t(1)*z(0) . ; 
Z(2) = t(2rz(1) " 

Z(488) = t(488rz(487) 
z(489) = t(489) 
z(490) = t(490)*z(489) 

z(977) = t(977)*z(976) 
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[0026] As shown in FIG. 2, block 250 fills unused ^inartiye) carriers with zeroes (in a nornnal nnode) or with trans- 
mitter identifier information (Til) (in.a-Tllmode). In a Tit modei -additional sub-can-iers will be turned on/off The on/off is 
governed by a repeater identification number bo, b^, ... b^j^/ wiriich is a 44 bit number, and is mapped onto complex sym- 
bols mo mi ... m43. The Til signal facilitates the. receivei:. test equipment in associating the received signal with the ter- 
restrial repeater(s) that generate the Til signal. The illustrative Til is capable of identifying at most 2^ repeaters. Due 
to considerations of limiting interference to TDM bands associated with the satelliteshlO, 120, a subset of these num- 
bers may be properly selected. : i 

[0027] The Til number is specified as bo, b^, ... b43, where b(i) cari"be'0 or'lVT'he mapping of the bits b(i) to m(i) 
may be performed as follows: ; ; h: ; - : 



m(i) = l/sqrt(2) + j* l/sqrt(2); if b(i) = 1, or . 
= 0; eifb(i)^0; ^ 

In a .normal.'rnode, aH m(i) : . r-i^ . ■ : -"^ 

[0028] .,^,. The diff^.rentially encoded, data is passed to an FFJ block! 260, that creates the OFDM. signal. In the illustra* 
20 tive implementation, a factor of 2 oversampling is used, requiring the JFFT 260 to have a length of 2048. Generally, an 
imp)|ementation may require higher oversampling by a factor, Factor, whk^h will then necessitate a t024*Factor IFFT To 
ensure that the highest frequency sub-carriers are reproduced without aliasing the IFFT 260 must be made twice as 
large as the number of active sub-carriers. It Is noted that the value of Factor must at-least be 2. 
[0029] The buffering of the 1024XFactor long buffer is designed to acconnmodate . 978 subrcarriers (1022 in Til 
25 Mode), such that the 0*^ location of the buffer vyill contain, the nulled sub-carrier (required for acquisition purposes) and 
then the next 489 samples will occupy the next consecutive locations. The last 489 locations of the buffer is filled with 
the latter half of theJncoming 978 samples. Th.e/^st of the buffer is filled with zero's- at block 250. To visualize, this IFFT 
arrangement wiliproduce the positive frequency, components (relaV^^^ to the carrier at 2,:9 GHz) with the first 489 sam- 
pJes.Qpming in, the negative frequency. components withrthe latter 489 sampleS'that come in, and. the central earner (the 
30 carrier at 2.9 GHz) bejng.nullei^Jn.the Tli;Mpde additional sub-carriere<ar%turned pn/qff. 

. ,,Tiie.det^ls,of;,theb109k 250 a^ v ^ ^ v e 

^ iOf^ = {;5:Q^.^1 , TV ■■=-:V::r; ; 

dutput = f1 . f2, ... f( Factor* 1024-1)} where f(i) = complex : r 

^ (ap^pv^rsarripling rate^qt/^c^ ;iK;::>. 'i- o jo li^^ . .a - 

^p^ng^ng€rz(n) {n=0.''...977j.s^ . ; d-^ -^i;-; -^v 3 "i.^^ C . " . . : : 

The, central null is established as follows:^. ; : : ;-::^0 p : - f ■ 

f(0) = (;0,0); ' ' ' K - . ~ --i.--' 

The sub-carriers are established as follows: 



45 



50 



;fh-sthalf .= ■• -;• 


.latter half --f^ - vc - 


f(i)-=2(o); 

■ f(488) = z(487); 
f(iiB9)( F z(4$8)-r^^, 


;f(1024XFacito^^9X== z^ , 

\f(T02^'XFacto^^ 
;f(1024XFacto/:-1).= z(977) , 



The Til signal is established as follows: 



55 



first half 


latter half 


f(490) = m(0); 


f(1 024XFactor-51 1 ) - m(22) 
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(contihued) " 






first half 


latter half , . 




f{491):=-m(1): ' 


f(1 024XFacfor^49tT:i 






f(511) = m(21). 


f(1024XFactor-490) = 


m(43). 



Inactive carriers are set to zero, as follows: 
10 f(5l2)= (0,0); 

f(l024XFac/or-512) = (0,0). ^ * * * * • ' 

The operation of the IFFT block 260 can be expressed as follows: 
Input = {fO, f1 , ...f(1 024XFactor - 4)), where f(i) =: complex ' - 

15 Outputs {aO, a1, a2, ... a(1 024X Factor -1)}, 

where o(i) is complex and belongs to the complex plane and does not lie on a grid. The IFFT block 260 generates a 
Complex to Complex Inverse FFT and generates an ou^ut in l/Q format For a more detailed discussion Of the IFFT 
block ?60 see. for example, W. H. Press et al.V NCinfiericarRecipes in C - TKfe Art of Sciehfrfic Computing, Cambridge 
20 Un.v»*rs.-y Preis Cambridge (1991), incorporated by reference herein. .''v„ - 

[0030]' A ryrir priefix is added to the signal at block 270 to mitigate theeffectis'ofthe'bh'ainnel arid inter- rep eater 
df-uiy ^;x#**;.;'i< Trf* ot->eration of the CP block 270 cah be expressed as foh ' ^ *' • 



25 



I -^v . f. - ; n : a t • *a2 .' . . . a(FactorX 1 024 - 1 )} wh ere a(i) = cdmp lex • ' " - 
u Ou!;^w! : i AO A - . 'A2. :v. A((1024+Gt)X Factor -1)) wheTre A(i) = conipleiT^ 



30 



35 



It is noteo tnaV-^i s set to 66 samples, and ov^fsahn'plingof Factor is assumed for OFDf*^ signal generation. Factdr must 
at-least oe ? T his- Creates a 'cyclic prefix^ of 1 6. 1 1 mii-sec^ Slightly iairgePthan dei^ighl'^ the hunfiber of samples in' the 
cyclic preTii IS Gixfictor. The CP block 270 simpt^' trices the last SlXFactor sami^^^^^ 

samples, and repeats these sahaples at the-'begrrihing of th6' (10244^G1)XF^ the latter parf of the bUffer is 

then filled wiin the incoming 1024X Factor samples. 

[0031] As Dreviously indicated, the transmitter 200 runs at two times 6\<ereanhpling, in the illus^^^ embodiment, 
which produces a l/Q sample stream at the transmitter output 280 at'a'rate of "4.096* Factor'M^^ in both the 

landQraiis ^-.c:;;^.;. ■ v- . ^ 

[0032] ror a detailed discussion of a conventional orthogonal freq ue hey 'divisiori multiplexing (OFDM) 'syistehi', see, 
for example. W.Y. Zou and Y. Wu, "COFDM - An Overview," IEEE Trans. Broadcasting, Vol. -if, N6. lVl-8'(Marth l'995) 
or J.A.C Bingham, "Multicarrier Modulation for Data Transmission: An Idea Whose timS Ha^ CbrVie," lEEE^Corhm., 5- 
14 (May 1990). each incorporated by reference herein. ' ' ' " 
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[0033] FIG. 4 shows an exernplai^ OFDM receiver 400 present invention. The OFDM 

receiver 400 contains elements 470, 460, 450, 440 and 430 that:perform the inverse '.function of the corresponding ele- 
ment in the OFDM transmitter 200; in a manner AveH^known to those skilled in the art. The elements 470, 460, 450, 440 
and 430 in the OFDM receiver 400 are operative once the timing and frequerx^y offset have been acquired, in a manner 
well-known to those skilled in the art. : ' 

[0034] According to one feature of the present. invention, the OFDM. receiver 400 also operates in two modes, 
namely, a normal mode and a transmitter" identifier information (Ttl) mode. As shown in FIG. 4, block 450 multiplexes 
the sub-carriers to separate the Til/unused bins from thei' active, data-carrying b'tWs. the Til/unused bins are processed 
by a Til demodulator 435 to process the Til inforrhatioh drtd oiiscard the unused' sub-carriers. The active, data-carrying 
bins are processed by the differential demodulator 440 (over frequency), frequency de-interleaver 430, QPSK demod- 
ulator 420 and a bit sink 410. r-. ■ . y 

[0035] It is to be understood that the embodiments and variations shown and described herein are merely illustra- 
tive of the principles of this invention and that various modifications may be implemented by those skilled in the art with- 
out departing from the scope and spirit of the invention. _ _ „ 
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Claims , ■o^; : -0"^ - p or^v^t;)ev ^ov i^^/i-^^':?- '^ 'C • - ' * .''-.vC'- ..p^-*. : ^"coo-;;-*:: ;:A or 

1 . A method of transmitting a signal injan ^rthogonal;:frequ€ney division multiplexing (Q>BDM) 'SV'Steni,^corTiprising the 
steps of: 

differentially encoding said signal in the frequency domain; and 
transforming said differentially modulated signal to create said OFDM signal. 
10 2. The method of claim 1 , wherein said transfomning step implements a Fast Fourier Transfomn. 

3. The method of claim 1, wherein said transfonriing step implements an orthogonat transfomnation '> 

4. ,,.The.nnethpd of claim^^l ,, wherein said traosfomnir^ step generates saidxOFDMtisi^al with a plurality of sub-carriers 
15 for carrying data. v • 

5. The method of claim 4, wherein at least one unmodulated sub-can'ier generated by said transforming step is allo- 
cated as a pilot bin to provide a reference within each OFDM symbol. 

20 6. The method of claim 4, wherein said differential encoding is performed with respect to consecutive sub-carriers in 
said OFDM system. 

7. An orthogonal frequency division multiplexing (OFDM) transmitter for transmitting an OFDM signal, comprising: 
25 a differential encoder for modulating said OFDM signal in the frequency domain; and 

a transfonmer for creating said OFDM signal. 

8. The transmitter of claim 7, wherein said transfomner implements a Fast Fourier Transform. 

9. The transmitter of claim 7, wherein said transformer implements an orthogonal transformation. 
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10. The transmitter of claim 7, wherein said transfomner generates said OFDM signal with a plurality of sub-camers for 
carrying data. 

11. The transmitter of claim 10, wherein at least one unmodulated sub-carrier generated by said transfonning step is 
allocated as a pilot bin to provide a reference within each OFDM symbol. 

12. The transmitter of claim 1 0, wherein said differential encoding is perfonmed with respect to consecutive sub-carriers 
40 in said OFDM system. 

13. A method of receiving a signal in an orthogonal frequency division multiplexing (OFDM) system, comprising the 
steps of: 

45 transforming said received signal to recover an OFDM signal in the frequency domain having a plurality of sub- 

carriers; and 

differentially decoding said OFDM signal in the frequency domain. 
50 14. The method of claim 13, wherein said transforming step implements a Fast Fourier Transfomn. 

15. The method of claim 13, wherein said transforming step implements an orthogonal transfomnation. 

16. The method of claim 1 3, wherein at least one unmodulated sub-cannier recovered by said transfonning step is alio- 
55 cated as a pilot bin to provide a reference within each OFDM symbol. 

17. The method of claim 13, wherein said differential decoding is perfomned with respect to consecutive sub-carriers in 
said OFDM system. 
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18. An orthogonal frequency division multiplexing (OFDM) receiver for receiving an OFDM signal, comprising: ' 
• • r ^■^ a,transformen^or/recbvering said OFDM-signal ' 

5 a differential decoder for demodulating said OFDM signal in the frequency domain. 

19. The receiver of claim 18, wherein said transformer implements a Fast Fourier Transform. 

20. The receiver of claim 18, wherein said transformer implements an orthogonal transformation. 

21. The receiver of claim 18, wherein at least one unmodulated sub-carrier recovered by said transfonner is allocated 
as a pilot bin to provide a reference within each OFDM symbol. '--^^ . ' . . : t- vr. j . : 

22. The receiver of claim ie,-wherein said:differentiar decoder deimodulateslSaid OFDM signal with respect to consec-' 
15 utive sub-carriers in said OFDM system. '* '-^ ^. ' - 
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